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CHLOROHYDRINS AND OXIDES OF THE ISOMERIC 2-BUTENES 
INTRODUCTION 
The importance of connecting chemical activity and physical 
properties with the configuration of organic molecules should not be 
underestimated. The study of the isomenic butenes should be especially 
illuminating. In these rather simple compounds and the compounds de-
rived from them, we have all of the types of isomerism that a.re shown 
by the more complicated molecules. The object of this rese arch is to 
obtain, from a. mixture of cis- and trans-2-butene, the pure isomeric 
forms by conversion to suitable derivatives which will allow a separation 
.to be made, either through distillation or crystallization methods. It 
is also desirable to establish the configurational relationships of the 
butenes and the related. compounds. This research would have additional 
value if it were done by a. method that would be applicable to the 
2-pen-t:;enes. The preparation of isomeric 2-butenes has previously been 
· a.c~omplished byWislicenus, Talbot~ Henze e.nd Schmidt1 and by Young, 
Dillon and Luca.s( 2). 
The general plan of attack (fig. 1) was to prepare the mixed 
2-butenes from n-butyl alcohol with sulfuric acid. Hypochlorous acid 
was to be added to the double bond to prepare the chlorohydrins. Then 
by the use of .potassium hydroxide, HCl can be pulled out leaving the 
butene oxides. The oxides were to be subjected to fractional distilla-
tion until they were nearly pure. Then each oxide would be separately 
added to a suitable anhydride. The anhydride would be so chosen that 
the resulting di-esters of butene glycol would be solids. These solids 
would be carefully purified by recrystallization. This would constitute 
Schemafil Plan of A//qcA (f1j./.) 
n-Baly/ Alcohol c11H1 OH 
H;.S01 J Heat 
m/xf. of J.-l3llfc.nesJ Cll3 CH= CllCH3 
H 0 <:I i in the c old 
mi xt of 8 u. fcnc ( h /orol1ydr1ns J 
J 
CH3 CHOHCHCICll3 
110H hof cone. soln. 
m1xl of Bufene OK1des Cll.3 <:HCHC!l.3 
'Cl ! Fraction ate l · 
c;s-Bu.fene Ox1dt: frans-Bu.f-ene Oxide 
fl"' '01 'fl. . II/ "o' 'c:~ cll.J'(- c ,c.H3 l c /l.;,c~ c/H 
Acid 1Anhydr1deJ (p-Brc"H'tco~0/9cid Anhydride 
Esler, f/IJ EsferJ ~II;, (/!J H~OcoR H~O(Ofi flCOO(ff 
HCl>C oR /iC 0 o~ H Ht ocoR t~ c~ tH 
meso- Purify by rd cem1c :J 
,J Recrys fa 11/zafion I 
Nal>Ht 5 OipOl'Jtf y !YaOh't S ClfJOlJtf y 
G/yc ol J (,. ~ Glycol , ~ ~ ~ //3 /I CON HC ell HOCH /1~011 lfOCH /ICOll ~~ c~ t~ 
NBr J cone sol~ . If Br i cone. solh. 
B u.fene dibromide, 
Cl/ 
' J lie Br 
Ht Br 
c /1.s l z /)](. 
c1 s ~ Bu.. tc ne. 
llC-c H3 II 
/IC-c//; 
Bu. fene c/ihromid~ 
(' H3 
H~Br 
/3r(ll 
l:HJ ! Zinc... 
trans - /3 u. f ~ ne 
HC·C~ 
II 
~C-( II 
The ~e/qflons/;ips Sl<J<Je:sf~d are prqbahly 
nof those fhat ac..fu..a//y ~xist. 
3. 
the separation into the meso- and racemic isomers; each of these must 
then be separately converted back to the corresponding butene. This 
would be done by first saponifying the esters with sodium hydroxide 
solution to obtain the glycol; the glycol would be heated with concen-
trated hydrobromic acid solution. '.Ihe dibromide obtained from this 
procedure would then be reduced ~rith zinc to give the pure butene. 
PREP.~RATION OF CHLOJWHYDRIN 
In order to obtain any amount of pure butene,, it would be 
necessary to prepare rather large amounts of butene chlorohydrin. 
These would be rather large losses in the purification and in the 
rather doubtful yields of the numerous steps in the chain. 
3 
/fourneau and Fayal prepared the chlorohydrin from butene 
by the use of calcium hypochlorite and boric acid. They found that 
,. 
the reaction was slow. Last year Mr. W.F.Eberz found that only small 
yields were obtained by passing butene gas into the hypochlorous acid 
solution. I found that by working with the liquid below the boiling 
point,, yields of better than 50% could be obtained. Only the method 
that was found to give the best yields will be described. (This pro-
cedure was largely worked out last year as an undergraduate research 
problem.) 
Mixed 2-butene was prepared from commercial 99% buta.nol 
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and sulfuric acid by the method of Young and Lucas. - The method of 
purification was slightly different from theirs. The gas was passed 
in succession through a reflux condenser, a spiral wash bottle contain-
ing 3-normal sodium hydroxide, two spiral wash bottles containing 40% 
(by volume) sulfuric acid,, and a drying tower packed first with soda-
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lime and then calcium chloride. The gas w~s then trapped in an ice-
hydrochloric acid bath. 
The chlorohydrin was prepared in a two-liter three-neck 
flask. The center neck was provided with a mercury seal stirrer. One 
of the side necks was used to make connections with a reflux condenser 
containing alcohol and solid carbon dioxide. The addition of materials 
could be effected through the other neck. The flask was cooled with an 
ice-salt bath. Approximately 400-500 cc. of water was added to the flask 
(just sufficient water to form en easily stirred suspension with the 
calcium hypochlorite). After the water had cooled 1 the calculated a.mount 
of calcium hypochlorite (H T H 65% available chlorine - 6s% Ca(Cl0)2 and 
35% NaCl) was added with stirring. It is rather important that the 
stirring does not stop after the hypochlorite is added because it settles 
out in a lumpy mass. While the material was cooling down to about -10 
to -15° 1 the reflux condenser was put in place. Then the weighed butene 
in an ampoule was either boiled or poured through a rubber tube into 
the reaction flask. After adding the butene a dropping funnel was pro-
vided in place of the entrance tube. Glacial acetic acid was added slavly 
to i;he mixture until all of the hypochlorite was used up. For example 1 
using 150 grams of butene and the calculated equivalent amount of hypo-
chlorite 3 or 4 hours were necessary for adding the acid. (Some experi-
ment with a modified procedure were carried out in a tin can. With the 
better heat transfer the addition of the acid took only a half an hour. 
The yields were not quite as good.) The emulsion that ¥ra.s usually formed 
was broken dp by adding an excess of concentrated nitric acid. 1he 
organic phase was removed with the use of a large separatory funnel. The 
water~ phase was extracted with 3 or 4 100-cc. portions of isopropyl ether. 
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The organic phase was added to the ether extract and the two were 
neutralized ¥rith potassium carbonate and dried with calcium chloride. 
Most of the ether was distilled off at atmospheric pressure through 
a four-foot Hempel colunm, fixed so that a vacuum could be used later. 
(It would not be necessary to use a cohmm this high for this distil-
lation.) The pressure was gradually reduced as the remaining ether 
and butene dichloride was removed. The product was finally distilled 
at 30 mm. pressure. The fraction boiling between 50 and 60° was taken. 
It was necessary to maintain the pressure e.t this low value because of 
a high boiling residue of undetermined composition, which raised the 
boiling point, causing decomposition at higher pressures. 
The advantages of the method are that butene is always in 
excess, the oxidizing action of the hypochlorous acid is reduced to a 
minimum by using a weak acid, and less free chlorine is produced. By 
using the liquid butene mechanical losses are practically removed. In 
some cases yields of 55 to 60% were obtained. A disadvantage is that 
for a good yield it is only convenient to prepare 150 gms. in a batch. 
One day is usually required to produce the butene. Another day is 
necessary to prepare the chlorohydrin and dry it. And part of a third 
day is required for the distillation. As it was necessary to prepare a 
large amount of chlorohydrin, this procedure soon became very tedious. 
Fractionation of the isomeric Chlorohydrins of 2-Butene: A 
portion of the chlorohydrins were subjected to five vacuum fractional 
distillations (30 nun.). A four-foot Hempel colunm vrith a reflux con-
denser was used. A received was employed that permitted the talcing of 
different fractions without interrupting the distillation. Fractions 
were taken at approximately every half degree. The distilling flask was 
provided with a separatory funnel for introducing new fractions at the 
appropriate time. Diphenyl ether was added at the last of the distillation 
to serve as a still base for driving over the higher boiling fractions. 
The results of the first and fifth distillations are shown in fig. 2. 
TABLE I. Properties of Chlorohydrin Fractions 
1 2 Beilstein 
BP3o ·mm 53.0-53. 3° 57. 0-57. 4° 
BP742 132.0-132.5 135.0-135.5 136-137. 5 760 
Weight 65. 8 gm. 86. 0 gm. 
20° Sp. gr.":::-:::"lr' 1.0677 1.0685 20 1.105 
Refracti~0 ° 
index, nd .. 1.4421 1.4388 
The densities were determined in a 5-gm. piknometer. The 
refractive indices were determined in an Abbe refractometer. 
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DISCUSSION 
It was thought that this would perhaps be a good place to 
carry out a rough separation. The fact that a constant low pressure 
is required, together with the fact that there are large losses from 
decomposition and mechanical loss (only 267 gms. were recovered from 
424 gms. = 63%), indicates that the separation could be ce.rried out 
better at the oxide stage. 
Relative Hydrolysis Rates of the Isomeric Chlorohydrins. 
It was important to know the order of magnitude of the 
rate of the reaction: 
CH 3 
C'rlOH 
CT.ti Cl 
CH3 
+ 
CH 3 
CHOH ~O ~ CHOH 
CH 3 
+ HCl 
If the rate of this reaction is large then quite probably large a.mounts 
of the chlorohydrin produced would be hydrolysed in the process of pre-
paration. Some of the chlorohydrin was weighed out into a volumetric 
flask and diluted with water, The hydrochloric acid formed by the hydrO'l-
ysis was titrated from time to time with standard sodium hydroxide solu-
- tion. It wa s found that the reaction was very slow at room temperature. 
A week was necessary for a few tenths of a. cubic centimeter change in 
the _O. l normal sodium hydroxide required. This would indicate that if 
the hydrolysis took place, it would be during the distillation before 
the water had been entirely removed as a constant boiling mixture with 
isopropyl ether. Preliminary experiments were made to show that the 
order of the re action was that indicated by the equation. It was also 
found th.at in basic solution the hydrolysis rate is very fa.st. If the 
end point was determined and then a few cubic centimeters of base was 
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added. the back titration with standard acid was markedly different 
from the original value. This indicates that the end point must not 
be over run. '!his and the fact that the color change of the indicator 
in the chlorohydrin solution is not sharp makes it extremely difficult 
to obtain accurate data. 
The determination of the hydrolysis rate was made at 75°. 'Ihe 
chlorodydrin was weighed out in a weight pipet and diluted with water in 
a volumetric flask to approximately 0.1 normal. 20 cc. of this solution 
was pipeted int o a number of thin walled test tubes. The test tubes were 
sealed and placed in a thermostat at 75°. From time to time a test tube 
was broken in a beaker of water and the extent of the hydrolysis deter-
mined. 
The rate constant was determined from the following equations: 
::: B + HCl A + H,,aO 
d(A) 
= k(A) 
dt 
Time was recorded in hours, concentration in mols per liter. 
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TABLE II. Hydrolysis of Chlorohydrin 
Time Reaction Rate Constant 
hours High boiling Low boiling 
1 0.0555 0.0584 
3 0.0930 
3.5 o. 0568 
7 0.0568 
8 0.0956 
12 0.0803 
13 0.0545 
22.6 0.0506 
23 0.0892 
31 o.0800 
32. 5 0.0490 
46.6 0.0480 
47 . o. 0710 
102 0.0435 
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The fact that the constant falls off as the reaction proceeds 
indicates that the sa.rnples are impure. The material with the higher rate 
is hydrolysed fifst leaving the slower reacting material. The fa.ct that 
the constants are small i ndicates that the hydrolysis during the prepara-
tion of the chloroliydrin is very small. The fact that the rates are ap-
preciably different for the two isomers may be of interest in determin-
ing the configurations. 
Preparation of 2-Butene Oxide. 
3 Butene oxide was prepared by ~ourneau and Puyal1 by dropping 
butene chlorohydrin on solid sodium hydroxide. KraJuski 5 found that it 
I\ 
can be prepared either by the action of aqueous potassium hydroxide or 
lead oxide and water on butene chlorohydrin at room temperature. Neither 
one of these methods appears to be very satisfactory for making large 
quantities of butene oxide. With solid sodium hydroxide the surface 
would soon be covered over with sodium chloride. The reaction at room 
temperature would be too slow. 
The method used was to drop the chlorohydrin on to hot con-
centra.ted potassium hydroxide solution. The apparatus consisted of a 
two-liter three-neck flask provided with a me rcury sealed stirrer, a 
dropping tube, a thermometer, and a short tube leading to a condenser, 
Several times the calculated qu0ntity of 67% potassium hydroxide solu-
tion was used, the chlorohydrin was slowly dropped in and the product 
distilled out through the condenser cooled by ice water. 
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TABLE III. Preparation of 2-Butene Oxides 
KOH Chlorohydrin Temp. Time Yield 
g. g. oc hrs g. % 
a 
1 20-30 10 90 3 45 
2 500 108 85 1 51 71 
3 500 75 70 1/4 34 68 
4 1000 327 90 1 202 93 
5 1000 409 90 2 246 91 
; J 2000 853 90 4 497 88 
a.Preliminary experiment in small flask 
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Fractionation of Butene Oxides. 
The butene oxides were fractionated through a four-foot 
Hempel column v.rith a reflux condenser. Fractions were t aken at every 
half degree. The reflux ratio wa s always greater than ten to one. The 
disti1ling flask was provided with a separatory furmel by which fractions 
could be added at the proper time. Brombenzene was used as a still base 
for driving over the highest fractions. The oxides were fractionated six 
ti.mes. The resultsof the sixth distillation are sho•m in fig. 3. 658 gms. 
were recovered from the 870 gm. of starting material = 76fo. 
Table IV. Properties of Oxides. 
l 2 Beilstein 
Boiling point750 53. 5-54.0°0 59 • 5- 60. 0 ° c 56° 
Weight 264 gm. 87 gm. 
Sp. gr. 20°/20° 0.8063 0.8267 
Refractive index n 20 1.3739 1.3819 
D 
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Reaction of Butene Oxide with Calcium Chloride. 
After the fifth distillation a small amount of calcium 
chloride was added to each fraction to remove any water that had been 
picked up. In all of the fractions of higher boiling point than the 
center one, a reaction was observed. The calcium chloride especially 
in the highest boiling fraction became powdery. The powder was separated 
and the oxide was allowed to evaporate. Then water was added and an oil 
was formed. Not enough of the oil was produced to be identified. It 
apparently boiled above 160° with decomposition. It is quite possible 
that it is butene glycol (b.p. = 180). This seems very interesting -::-.:,.~,.t 
that one isomer should react and the other should not. It might be that 
this would be a method for separating one isomer into the pure oxide and 
the other into the pure glycol. I did not investigate this further be-
cause the isomer that reacts vtith calcium chloride is the one that I have 
the least of. It would be interesting to investigate the nature of the 
compound fanned and the product that results when water is added. 
Preparation of p-Bromb~nzoic Aci~ and Anhydride. 
One of the dibenzoa.tes of butene glycol is reported in the 
6 literature as a solid; the other as a liquid. The 3, 5-dinitrobenzoic 
anhydride would probably give esters with suitable melting points. There 
is, however,'the possibility that in ·the alkaline solution used for 
saponifying the esters the ni tro group would oxidize the glycol produced. 
By noting how the melting point is raised or lowered as bromine is sub-
stituted in the various positions in the benzene ring in other esters it 
was concluded that the para-brombenzoic an.hydride would be satisfactory. 
The usual method (described in Beilstein) for making p-brombenzoic acid 
is to oxidize p-bromtoluene with dichromate in acid solution. Beilstein, 
15. 
however, does not state how this particular bromtoluene was prepared. 
Eastman's give the price of p-bromtoluene as $4 per 100 grams. Since 
several mols of acid were needed, this would be a rather expensive 
source. Professor Lucas thought that a method had been described in 
the literature for preparing para-brombenzoic acid directly by bromine.t-
ing sodium benzoate. iihis method could not be locatedJso some experi-
ments were attempted. 
The best results were Qbtained by preparing the sodium salt 
from benzoic acid and sodium carbonate, adding approximately an equi-
valent quantity of sodium acetate, to use up some of the HBr formed in 
the reaction, and evaporating to a pasty mass. '.Lhen the calculated 
quantity of bromine was e.dded and the flask was sealed and heated on a 
water bath at 80-90° for eight to ten hours. After the reaction mixture 
had cooled, it was opened and was found to contain considerable gas. 
Water was added and the product was filtered off without acidifying. 
It was necessary to recrystallize the product several times to get a 
good melting point. It was thought that the isomers could be separated 
by buffering the solution at the appropriate hydrogen ion concentration. 
The p-brombenzoic acid has the smallest ionization constant and the least 
solubility of all the isomers. A lot of time was spent i n this way, but 
it seems to be impossible to effect a separation. Apparently'equilibrium 
is not attained. Different conditions i.~rere also attempted for the 
bromination. The best yield obtained was about 10%. Several flasks 
blew up in the brmnination process. 1'he method seems very unsatisfactory. 
It vms apparent that it would be necessary to resort to the 
oxidation of p-bromtoluene. Because the price of this material is so 
high, it was thought that it could be prepared from p-toluidine through 
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the diazo reaction. This however proved to be unnecessary. On looking 
up the original method7 of preparation described in Beilstein, it was 
found that the crude ortho-para mixture resulting from the bromination 
of toluene can be oxidized with chromic acid to yield the pure para.-brom-
benzoic acid. This method of preparation is very interesting and very 
satisfactory. It is not necessary to recrystallize the product 
(m.p. = 250-252). The yield of pure p-brombenzoic acid obtained from 
toluene and bromine was 343, and some toluene was recovered. 
The method of Hurd and Du118 for preparing a.nhydrides was 
tried. The reactions involved in this method are: 
p-BrC6H4:COOH + C~=C=O ~ p-BrCc;Ii4 COOCOCH 3 
heat . 2 p-BrC~4COOCOCH 3 ---:r (p-BrCdf 4 C0)2 0 + ( CH 3 C0)2 0 
The difficulty a.rose that p-brombenzoic anJr;!,.oi·ah.e is so slightly soluble 
in the common solvents that the reaction with the ketene is not very good. 
Dioxane and acetone are about equally effective as solvents; however, 
acetone proved to be the best. T:.tle reaction was tried at 0°, at room 
temperature, and at the boiling point of acetone; it is very slow under 
all of these conditions. lt was not necessary to distill the product 
(it disproportionates into the simple anhydrides in the boiling acetone). 
Distillation seems undesirable with this anhydride because of the high 
melting point (218-220°). This method of preparation is not very satis-
factory. 
The acid chloride was prepared by heating the acid with 
thion~l chloride. The anhydride wa.s prep a.red from the acid chloride 
7 
and the sodium salt by the method of Jackson and Rolfe, The reactions 
involved are: 
. p-BrC6H4:COOH + SOC12 ____,._ p-BrC 6H4:COCl + S02 + HCl 
p-BrCe-T.J:4 COCl + p-BrCefi 4 COONa. ~ (p-BrC6H4:C0)2 0 + Na.Cl 
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It is questionable which of these methods of preparation is better; 
perhaps both of them can be improved. The procedure through the acid 
chloride seems to be more satisfactory. 
Preliminary experiments concerning the addition of the an-
hydride to the butene oxide have been unsuccessful. In the case of the 
higher boiling oxide there appears to be a reaction with the formation 
of an ester; the product has not been isolated yet. 
I wish to acknowledge the kind help and suggestions of 
Professor H.J.Lucas, who suggested this problem, and I should like 
to continue working on it under his direction. 
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SUMMARY 
l. A method is given for the preparation of 2-butene chloro-
hydrin by the addition of acetic acid to a mixture of calcium hypo-
chlorite and butene at -10°C. 
2. A convenient method is given for the preparation of large 
amounts of butene oxide by dropping butene chlorohydrin on hot concen-
trated potassium hydroxide solution. 
3. The fractional distillation of the isomeric chlorohydrins 
of the 2-butenes is described. 
4. The fractional distillation of the isomeric 2-butene oxides 
is described. 
5. The physical properties of the fractions of 2-butene chloro-
hydrin and of the fractions of 2-butene oxide a.re given. 
6. The app roximate values are given for the hydrolysis r~te of 
the two fractions of 2-butene chlorohydrin. 
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